1. Introduction {#s0005}
===============

The superior optical properties of ceramic restorations have promoted them to one of the most favorable treatments, particularly in anterior teeth ([@b0010]). Glass ceramic restorations without metal substrate better simulate the natural structure of the tooth, since they allow more light transmission ([@b0150], [@b0085], [@b0145], [@b0050]).

Ceramic systems with higher strength and better mechanical properties typically contain more crystalline, which gives them artificial and opaque appearance ([@b0050], [@b0065]). The more translucent the ceramic system is (e.g. IPS Empress I and IPS e.Max), the higher light transmission is possible, and the more lifelike the appearance would be ([@b0045], [@b0100]). Multiple factors contribute to the ultimate esthetic value of dental ceramic restorations, namely color, translucency, fluorescence, surface texture, and shape ([@b0150], [@b0040], [@b0100]). The final color of ceramic restorations is determined by the ceramic thickness, color and thickness of the luting agent, and color of the underlying tooth structure ([@b0150]).

Compared with the crown restorations, porcelain laminate veneer is known to be a more conservative treatment option, whose 0.5--1-mm thickness gives it a far better translucent appearance ([@b0110], [@b0075]). They can be used for diastema closure, treatment of structural defects and mild morphological anomalies, as well as esthetical improvement of mildly-discolored teeth. However, color matching would be more complicated as the ceramic translucency increases ([@b0025], [@b0070]).

Among the advantages of resin-based luting agents are the low solubility, strong bond to the dental structure, and superb mechanical properties ([@b0045], [@b0145]). The wide variety of available resin-based luting agents helps managing the ultimate color of ceramic restorations ([@b0100], [@b0155]). Yet, the resin cement shade complicates the procedure of color matching of ceramic restorations during cementation ([@b0040]). Previous research reported that the optimum color of the underlying tooth and appropriate thickness of the ceramic restoration would minimize the effect of cement shade. The resin-based luting agent shade even matters more if the ceramic restorations is of low thickness (\<1.5 mm, like veneers), or when the restoration is supposed to camouflage a discolored tooth or a dark abutment ([@b0150], [@b0020], [@b0015], [@b0155]).

The resin-based luting agents shade gets brighter after polymerization ([@b0095]). Moreover, some resin cements are likely to appear in a clinical shade notably different from their nominal shade guide color. Hence, it would be better to clinically test the effect of cement color in try-in pastes ([@b0055], [@b0160]).

Various investigations have focused on the effect of shades of the resin-based luting agents on the porcelain veneer restorations. Some studies found that different thicknesses of ceramic materials and different shades of resin-based luting agents caused significant color difference in veneer restorations ([@b0160], [@b0100], [@b0145]). However, some others reported that the ultimate color of IPS Empress all-ceramic material was not significantly influenced by different shades of resin-based luting age ([@b0015], [@b0145]).

Various shades and types of resin-based luting agents are available, each of which is likely to influence the final color of ceramic veneer restoration differently. This fact besides the contradictory findings of the previous studies resulted in designation of the present research to investigate the effect of different shades and brands of resin-based luting agents on the final color of leucite-reinforced veneering ceramic. The null hypothesis was that the brand and shade of resin cement would not affect the final color of leucite-reinforced veneering ceramic.

2. Material and methods {#s0010}
=======================

2.1. Specimen preparation {#s0015}
-------------------------

In this in-vitro study, 36 disk-shaped specimens (11 × 0.5 mm) were made of a heat-pressed leucite-reinforced glass ceramic of A2 shade (IPS Empress1; Ivoclar Vivadent, Liechtenstein) according to the manufacturer^'^s instructions. The specimens were made by eliminating 0.5-mm-thick wax with a diameter of 11 mm. The specimens were heat-pressed at 920 °C (IPS eEmpress EP 600 system). One side of the specimens were covered with a layer of neutral-shade glaze and fired at 765 °C. A digital micrometer (Digimatic Caliper; Mitutoyo) was used to control the thickness of specimens, and set the dimensions to 11 × 0.5 ± 0.01 mm. Meanwhile, 36 disk-shaped cement specimens (11 × 0.2 mm) were made of two different brands of Choice 2 and Panavia SA Cement Plus (n = 18 per brand), in translucent, universal A2, and opaque shades (n = 6 per shade). [Table 1](#t0005){ref-type="table"} shows a detailed list of the employed materials.Table1The manufacturer and chemical composition of used ceramic material and resin cements.MaterialManufacturerCompositionTypeIPS Empress IIvoclar Vivadent, LiechtensteinLeucite-reinforced glass ceramic (K~2~O-Al~2~O~3~-SiO~2~)Heat-pressedPanavia SA Cement PlusKuraray Medical, JapanBisphenol A diglycidylmethacrylate, triethylene glycol dimethacrylate, 2-hydroxyethyl methacrylate, sodium fluoride, Silanated barium glass filler, Silanated colloidal silica, 10-Methacryloyloxydecyl dihydrogen phosphate, Hydrophobic aromatic dimethacrylate, Hydrophobic aliphatic dimethacrylate dl-CamphorquinoneDual-Cure Self-etch, Self-adhesiveChoice 2Bisco, USAGlass Filler, Amorphous Silica, Bisphenol A Diglycidylmethacrylate, Urethane Dimethacrylate, Triethylene Glycol Dimethacrylate, Tetrahydrofurfuryl MethacrylateLight-cure Total etch

To obtain cement specimens of standard shape and dimensions, 10polytetrafluoroethylene molds were used with an 11 × 0.2-mm cavity in the middle. The materials of each brand and shade of resin-based luting agent were mixed as recommended by the manufacturers. The achieved cements were put in the cavities between two polyester strips under the glass sheets. Each side of the complex was polymerized with a polymerizing light unit (Hilux LED 550; Benlioglu Dental) at 750 mW/cm^2^ for 20 s. Six specimens were prepared for each brand and shade of resin cement materials. Finally, 24-hour storage of the specimens in distilled water (37 ± 1 °C) was considered to ensure complete polymerization.

2.2. Color measurement {#s0020}
----------------------

The color coordinates of ceramic specimens were measured by using a digital spectrophotometer (Vita EasyShade; Vita Zahnfabrik). Position of the specimens and the measuring tip of spectrophotometer (6 mm) was standardly adjusted at the center of the specimens (11 mm) by using a polytetrafluoroethylene mold (PTFE; Teflon), which also served as the standard white background for all measurements. Prior to color measurements in each group, calibration of the device was done with the white calibration apparatus. The spectrophotometer recorded the measurements in CIELab color space system. The L^\*^, a^\*^ and b^\*^ color value of each ceramic specimen was measured three times consecutively and the average was calculated as the initial color of the specimen. Then, the color coordinates of the ceramic specimens were measured again with each brand and shade of resin-based luting agents, and recorded as L1^\*^, a1^\*^, and b1^\*^. Optical connection between the tested specimens was created by using 1 drop of optical fluid (Cargille optical gel; Cargille labs) with a refractive index of 1.52 ([@b0045], [@b0050]).

To measure the color difference between the initial and second measurements (ΔE) in each specimen, the obtained data were put in ΔE formula: (ΔE= (ΔL^2^ + Δa^2^ + Δb^2^)^½^), where ΔL^\*^, Δa^\*^, and Δb^\*^ refer to the difference in lightness, red/green axis, and yellow/blue axis, respectively. According to the previous studies, if the color difference of a material is ΔΕ = 0 after the test requirements have been met, the color is defined as stable. A color difference of 0.5 ≤ ΔΕ ≤ 1 cannot be clinically perceived. A color difference of 1 ≤ ΔΕ ≤ 2 can be perceived only by 50% of observers; thus, most of the studies defined perceptibility threshold (PT) of color difference as ΔΕ = 1. A value of ΔΕ ≥ 3.7 can be perceived by 100% of observers. Therefore, the ΔΕ = 3.7 has been defined as the clinically-acceptable threshold (AT) ([@b0090]).

2.3. Statistical analyses {#s0025}
-------------------------

Post-power analysis demonstrated that the sample size in each subgroup (n = 6) was sufficiently large for comparisons between the subgroups (Power value \>80%). Power analysis was done by using NCSS-PASS (2005). The color difference data (ΔE) were statistically analyzed by using SPSS software (IBM SPSS Statistics, v24.0; IBM Corp). The ΔE results were subjected to two-way ANOVA. Tukey's post hoc test was used to compare the three shades in each brand. Independent *t* test was employed to compare the two brands in each shade. P \< 0.05 was considered to be statistically significant.

3. Results {#s0030}
==========

[Table 2](#t0010){ref-type="table"} displays the mean and standard deviation (mean ± SD) of differences between the initial and second measures of each CIE coordinate (i.e. ΔL, Δa, and Δb) of the specimens of each brand in each shade. [Table 3](#t0015){ref-type="table"} shows the mean ± SD values and Tukey's post hoc test results of the ΔE values for the test groups. As displayed in [Table 4](#t0020){ref-type="table"}, the results of two-way ANOVA showed that both the shade (P \< 0.001) and brand (P = 0.023) of the resin-based luting agent significantly affected the color differences. A significant interaction was noted between the shade and brand of the resin-based luting agents (P \< 0.001).Table 2Descriptive statistics (mean ± SD) for ΔL, Δa, and Δb values in the groups.Cement BrandCement ShadeΔLΔaΔbPanavia SA Cement PlusOpaque0.35 ± 0.351.61 ± 0.695.21 ± 0.94Translucent−0.88 ± 0.520.71 ± 0.264.01 ± 0.27A2−4.16 ± 0.732.91 ± 0.607.4 ± 0.87  Choice2Opaque−1.3 ± 0.262.96 ± 0.088.16 ± 0.26Translucent3.3 ± 0.960.21 ± 0.240.6 ± 0.25A2−2.88 ± 0.634.08 ± 0.096.71 ± 0.39Table 3Statistical summary of measured color difference (ΔE).CementA2 (mean ± SD)Opaque (mean ± SD)Translucent (mean ± SD)Choice28.38 ± 0.55^A,a^8.79 ± 0.26^A,a^3.37 ± 0.96^A,b^Panavia SA Cement Plus9.01 ± 0.91^A,b^5.50 ± 1.12^B,a^4.2 ± 0.37^A,a^[^1][^2]Table 4Two-way ANOVA results of mean ΔE values.SourceSSd.fMSFPCement Brand (A)17.71513.3825.7270.023Cement Shade (B)151.204275.602128.0270.000A × B32.503216.25227.5210.000Error300.591--  Total1746.25036--[^3]

The ΔE values of the two cement brands in the same shade were compared by using Tukey's post hoc test. The results revealed significant differences between the Choice2-opaque and Panavia-opaque (P \< 0.001). But, the two brands were not significantly different in translucent (P = 0.079) and A2 shades (P = 0.178). Comparing the three shades of Choice 2 brand ([Table 2](#t0010){ref-type="table"}) revealed the ΔE of translucent shade to be significantly different from that of the opaque (P \< 0.001) and A2 shades (P \< 0.001). However, in Panavia brand, the ΔE of A2 shade was significantly higher than opaque (P \< 0.001) and translucent shades (P \< 0.001). Evaluations also revealed that the mean ΔE values in all the study groups were higher than the clinical acceptability threshold (ΔE = 3.7) except for Choice 2-translucent (ΔE = 3.37) ([Fig. 1](#f0005){ref-type="fig"}).Fig. 1Box plot for ΔE values of the tested groups (C2: Choice2, PCP: Panavia SA Cement Plus; O: Opaque, Tr: Translucent), the black horizontal line shows the clinical acceptability threshold of color difference (ΔE = 3.7).

4. Discussion {#s0035}
=============

This in-vitro study compared the effects of different brands and shades of resin-based luting agents on the final color of leucite-reinforced veneer restorations. The results rejected the null hypothesis, since both factors significantly affected the color of ceramic restorations. The present findings revealed that different resin-based luting agent brands in the same shade yielded different final restoration colors. Accordingly, the final color of opaque Panavia, which was a dual-cure resin-based luting agent was significantly different from that of the opaque Choice 2, which was a light-cure resin-based luting agent. But, the A2 and translucent shades of both resin cements had no significantly different effects on the final color of leucite-reinforced ceramic.

The opaque shade of Panavia SA cement Plus slightly increased the lightness of restoration; whereas, the opaque shade of Choice 2 decreased the lightness of restorations. Furthermore, the translucent shade of Panavia slightly decreased the lightness; while, the translucent shade of Choice 2 increased the lightness of restoration. The A2 shade of both resin-based luting agents decreased the lightness of restoration. Moreover, all the three shades of both resin-based luting agents increased the chromatic parameters (a^\*^, b^\*^) of leucite-reinforced ceramic veneer restoration, and changed the color towards yellow and red.

These findings were in agreement with what was found by the previous studies ([@b0145], [@b0050]). [@b0050] observed that different brands of resin-based luting agents (Maxcem, Variolink, Clearfil, and RelyX) with the same shade had different effects on the final color of restoration. Likewise, [@b0145] reported that the dual-polymerizable and light-polymerizable resin cement systems of the same colors created different final colors of leucite-reinforced IPS Empress Esthetic with 0.5 and 1 mm thickness. Similarly, [@b0005] showed that the dual--polymerizing resin cement (RelyX ARC) had higher color variation than the light-polymerizing materials (RelyX Veneer and Filtek Z350 Flow) with the same color of A1 for cementation of 1-mm thick porcelain veneer, before and after thermal cycling ([@b0005]).

On the other hand [@b0155] detected that similar shades of three resin-based luting agents (Variolink Veneer, Panavia F, and RelyX Veneer) had similar influence on the color change of IPS e.Max ceramic veneers with 0.6 mm thickness. These differences might be due to the variations in the design of studies such as ceramic and resin cement preparation methods, as well as the thickness and type of ceramic materials, and the shades of employed resin-based luting agents. Likewise, in the study by [@b0125] there was no statistically significant difference in ΔE values between the two employed types of resin-based luting agents. Certainly they just used two light-polymerizing luting agents (Rely X Veneer and Tetric N-Flow), both in the translucent shade ([@b0125]).

Correct shade matching is also highly determined by the thickness of ceramic materials ([@b0140], [@b0035], [@b0070]). [@b0130] found that the effect of luting agent shade on the color of porcelain veneer was significantly related to the thickness laminate veneer ([@b0130]). The bond durability in the conservative restoration of ceramic veneer is secured through bonding the ceramic to the enamel ([@b0115]). Meanwhile, 0.5--0.8 mm is the safe range for reduction of the tooth structure in veneer restorations ([@b0155]). In the current study, a disk of 0.5-mm thickness was used to evaluate the effect of resin-based luting agents on the final color of ceramic veneers.

The color of composite resin materials is highly bound to the refractive index and light transmittance characteristics of composite resin materials ([@b0060], [@b0105], [@b0080]). The filler, pigment and opaque content of the composite resin materials determine their rate of light absorption, scattering, and transmission ([@b0135]).

This study also showed that different shades of the same brands of resin cement could differently affect the final color of leucite-reinforced ceramic restorations. In Panavia SA Cement Plus, the opaque shade increased the lightness; while, the translucent and A2 shades decreased the lightness of ceramic. Nevertheless, all the three tested shades changed the ceramic color towards yellow and red color. In Choice 2 resin-based luting agent, the opaque and A2 shades decreased the lightness; whereas, the translucent shade increased the lightness of ceramic. Yet, the color alterations induced by all the three shades were towards yellow and red. The final color of Choice 2 in translucent shade was significantly different from that in A2 and opaque shades. Whereas, the final color of Panavia in A2 shade was significantly different from that in opaque and translucent shades.

Comparably, previous studies also reported that different shades of the same brand of resin-based luting agent could yield different final colors in ceramic restorations ([@b0150], [@b0145], [@b0155]). [@b0050] observed that different shades of resin-based luting agents had different effects on the final color of lithium disilicate ceramic restorations ([@b0050]). [@b0145] reported similar results regarding IPS Empress Esthetic ceramic restorations. Another study presented that the opacity of resin-based luting agents had more important impact on the final color of porcelain veneer restorations than their chroma and hue ([@b0120]).

Conversely, in a study by [@b0015], different shades of Variolink II resin-based luting agent (A1 and translucent) could not significantly affect the final color of 1.0-mm-thick IPS Empress ceramic restorations. Also [@b0085] reported imperceptible final color difference when using RelyX ARC in A1 and A3 shades to cement the leucite-reinforced IPS Empress ceramics ([@b0085]). The different results might be due to the variations in experimental designs of the studies and different thicknesses of employed ceramic veneers.

In the present study, different refractive index and light transmittance characteristics might explain the significant different effects of the three shades of the same resin cements and also the differences between the three shades of Panavia SA Cement Plus and Choice 2 resin-based luting agents. It informs the manufacturers about the significance of classification of common resin-based luting agents' shades and the importance of industrial standardization of these materials. In order to esthetically guarantee the outcome, clinicians can benefit from the trial insertion pastes to ensure the shade matching of veneer restorations before clinical application ([@b0030]).

Trying to minimize the variations in the properties of the studied materials, all the ceramic and cement specimens were standardly fabricated. Considering the imperative role of the ceramic thickness and cement specimens in the final color of restorations, their values were adjusted to 0.5 and 0.2 mm, respectively. The present study also used a refractive index solution (optical gel) to connect the ceramic and cement specimens; it facilitated light transmission and eliminated the light scattering through the cement-ceramic specimen interface.

This study could not identically simulate a clinical situation, since we tested disk-shaped specimens rather than ceramic veneer restorations. Therefore, complete assessment of ceramic veneer restorations requires a clinical study which thoroughly considers the factors of ceramic thickness and different color of tooth structure.

5. Conclusions {#s0040}
==============

Within the limitations of the present study, it can be concluded that the final color of leucite-reinforced veneering ceramic can be affected by the resin-based luting agents of the same nominal shade from different manufacturers, and different shades of resin-based luting agent from the same manufacturer. Moreover, clinically acceptable color difference was only seen in Choice2 specimens in translucent shade (ΔE ≤ 3.7).
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[^1]: In each column, mean values with different superscript uppercase letters were statistically significant (Independent *t* test).

[^2]: In each row, mean values with different lowercase letters were statistically significant (Tukey's *post-hoc* test).

[^3]: SS: sum of square, d.f: degrees of freedom, MS: mean square.
